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Abstract
We find a crucial miscalculation in [1] which leads to the wrong master equation.
This follows that there is no wormhole-like solution for hyperbolic scalar potential
and the solution at large distances differs from that of [1].
1 Master Equation
Let us start our discussion to section III in [1]. After redefining some new variables
(x, y, z), the field equations transform into
y˙ +
3
2
y2 − e
−2x
2ν2
+
κ2 (εν2 + 2V )
4ν2 (1− 2ξκ2ν2) = 0 ,
yz =
κ2
ν2 (1− 6ξν2κ2)
(
(1− 2ξν2κ2)
κ2
e−2x +
ν2
2
− V
)
≡ F ,
z˙ +
1
2
z2 +
e−2x
2ν2
+
3κ2 (ν2 + 2V )
4ν2 (1− 2ξκ2ν2) = 0 , (1.1)
where ε = ±1. For the case at hand we choose ε = +1 since we have a non-phantom
scalar field [1]. Next, we introduce again a set of new variables
Y ≡ y2 ,
Z ≡ z2 , (1.2)
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such that we could have
1
2
dY
dx
= y˙ ,
1
2
ς
√
Y
Z
dZ
dx
= z˙ , (1.3)
where ς = ±1. Then, (1.1) can be rewritten as
dY
dx
+ 3Y − e
−2x
ν2
+
κ2 (ν2 + 2V )
2ν2 (1− 2ξκ2ν2) = 0 ,
Y Z = F 2 ,
ς
√
Y
Z
dZ
dx
+ Z +
e−2x
ν2
+
3κ2 (ν2 + 2V )
2ν2 (1− 2ξκ2ν2) = 0 . (1.4)
The third equation in (1.4) differs from that of eq. (A5) in [1]. The crucial miscalculation
is the missing prefactor ς
√
Y
Z
in the second equation of (1.3). Thus, they obtained the
wrong master equation as we will see below.
After some computations using all equations in (1.4) we get the correct master equation
2ς
d2Y
dx2
+
1
Y
(
η˜
2η
− ς
)(
dY
dx
)2
+
(
2ν2(η˜ − ςη)
Y
+
3η˜
η
+ 3ς − 6η
η˜
)
dY
dx
+
(
9η˜
2η
− 18η
η˜
)
Y + 6η˜ν2 +
2ηη˜ν4
Y
+
8η
η˜ν2
e−2x = 0 , (1.5)
where η and η˜ are constant defined as
η ≡ κ
2
2ν2 (1− 2ξν2κ2) ,
η˜ ≡ κ
2
ν2 (1− 6ξν2κ2) . (1.6)
We also have (
dx
dφ
)2
= Y (x) ,
[
d ln (RN2)
dx
]2
=
Z
Y
, (1.7)
such that the static metric (3.1) in [1] can be written down as
ds2 = −N2dt2 + dR
2
ν2R2Y
+R2dΩ2 , (1.8)
where dΩ2 is the 2-sphere metric.
2
2 Solutions
2.1 Solutions At Large Distances
In the asymptotic limit, namely x → +∞ the function Y (x) can be written as Y (x) =
Y0 + Y1 + . . . such that |Y0| ≫ |Y1(x)|. Such a setup simplifies (1.5) into a linearized
differential equation. At the zeroth order, we have
Y0 =
2ην2
3(2σ − 1) , (2.1)
where
σ ≡ εη
η˜
, (2.2)
with ε = ±1.
The function Y1 satisfies the following linear equation
d2Y1
dx2
+
3
2
ςε
(
˜1 + ςεσ − 2σ2
σ
)
dY1
dx
+
9
4
ςε
(
1− 4σ2
σ
)
Y1 + ςε
4σ
ν2
e−2x = 0 . (2.3)
The general solution of (2.3) is given by
Y1 = C1 e
λ1x +D1 e
λ2x − 4ςεσe
−2x
ν2(λ1 + 2)(λ2 + 2)
, (2.4)
where C1, D1 ∈ IR with
λ1,2 = −3ςε
4σ
(
1 + ςεσ − 2σ2 ±
[(
1 + ςεσ − 2σ2)2 + 4ςεσ (1− 4σ2)]1/2) , (2.5)
The values of λ1 or λ2 should be negative, since limx→+∞ Y1(x) → 0. So, the solution
(2.3) belongs to the following two cases. First, for ςε = 1 we have 0 < σ < 1
2
and then,
−3
2
< λ1 < 0 and λ2 < −2. Second, in the case of ςε = −1 we have −12 < σ < 0 which
follows λ1 < −2 and −32 < λ2 < 0.
Solving the second equation in (1.7), we obtain the first order lapse function f
f(R) = A0Y
ςε/2σ
0 R
3ςε−1
(
1 +
ςεY1
σY0
)
. (2.6)
while the first equation gives us
φ(R) = φ0 +
∫
dx√
Y0 + Y1
≈ φ0 + Y −1/20 lnR−
1
2
Y
−3/2
0
(
C1
λ1
Rλ1 +
D1
λ2
Rλ2
+
2ςεσ
ν2(λ1 + 2)(λ2 + 2)
R−2
)
. (2.7)
3
The first order scalar potential can be obtained from the first equation in (1.4), namely
V = −ν
2(2σ + 7)
2(2σ − 1) −
2
η
(
C1(λ1 + 3) R
λ1 +D1(λ2 + 3) R
λ2
)
+
(
4ςεσ
ν2(λ1 + 2)(λ2 + 2)
− 1
ν2
)
R−2 .
(2.8)
Looking back at the lapse function (2.6), its lowest order leads to spaces of constant scalar
curvature whose Ricci scalar has the form
R = −(9 + 3ςε)ν2Y0 . (2.9)
For ςε = 1 we have asymptotically AdS spacetime, while in the case of ςε = −1 the
asymptotic spacetime is not Einstein.
2.2 No Wormhole-like Solutions
Now, let us consider a case with scalar potential
V (x) = αe−2x + β , (2.10)
where α and β are real constants. As x→ +∞, we should have
β = −ν
2(2σ + 7)
2(2σ − 1) . (2.11)
Inserting (2.10) into the first equation in (1.4) we then have
Y = c1e
−3x +
e−2x
ν2
− ην
2
2
− 2ηαe−2x − 2
3
ηβ . (2.12)
Finally, inserting (2.12) into the master equation (1.5) we conclude that for c1 = 0 there
is no solution for α real.
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